The necessity of determining the total hemoglobin concentration in blood containing sublethal and lethal concentrations of carbonmonoxyhemoglobin* prompted a search of the literature to ascertain if the cyanmcthemoglobin method would be acceptable. In several recent articles it was stated that carbonmonoxyhemoglobin could be so determined, but the analytical details were not described. 1 ' 4> "• 16 Crosby and associates, 3 and Weatherburn and colleagues, 10 for example, recommend 10 min. for completion of the reaction between oxyhemoglobin and Drabkiu's solution. Van Kampen and Zijlstra 14 suggest 15 to 25 min. when Drabkiu's solution is used, or 4 min. if their reagent is used. These authors did not state that the above reaction times applied to bloods containing carbonmonoxyhemoglobin.
The mechanisms of the reaction of (Hb0 2 )4 and (HbCO).i with ferricyanide/cyanide reagent solutions have been briefly reviewed 7, 9 ' ,4 and can be summarized: dissociation of a molecule of CO or O2 from its hemoglobin compound is followed by oxidation by ferricyanide of the heme group with which the gas molecule had been associated. The charge on the ferriheme group is then neutralized by CN ion. If the 4 heme groups of the original molecule undergo the above reaction sequence, a molecule of ferrihemoglobincyanide is formed. The possibility of the formation of hybrid intermediate molecules has been demonstrated. 7 ' 12 The rate at which (Hb02)4 is converted is sufficiently documented. 3 ' I4 - 10 A series of experiments was therefore proposed to determine if the rates of reaction of (HbCO) 4 and (Hb0 2 )4 in the above system were comparable.
In Drabkiu's solution as well as in Diluent IV of Van Kampen and Zijlstra the concentration of K 3 Fe(CN) 6 is identical, viz., 200 mg. per 1., and so it was decided to compare the efficiency of these 2 reagent solutions and to test the effect of augmenting the ferricyanide concentration of the latter for which the originators claim the followingadvantages: 14 low ionic strength and Sterox SEf increase the rate of hemolysis; low ionic strength and low pH (7.2) increase the rate of (HbCN) 4 formation; furthermore, Sterox SE inhibits precipitation of plasma proteins at low pH (a cause of turbidity).
The data in this paper demonstrate that the rate of reaction of carbonmonoxyhemoglobin with either Drabkiu's solution or the reagent suggested by Van Kampen and Zijlstra is significantly less than the rates of reaction of oxyhemoglobin or ferrohemoglobin. An error, therefore, is introduced into the determination of total hemoglobin if currently advocated reaction times are used. This error can be eliminated if reagent solutions of higher ferricyanide concentration are used, or if longer reaction times are allowed when using reagent solutions now in use.
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human blood was used in Experiments II et seq.
Saturation of blood with carbon monoxide was accomplished in the following maimer: 2.5 ml. of whole blood were placed in an 8-by 15-mm. test tube which was subsequently capped with Parafilm. Carbon monoxide* (99.5 per cent) was then passed via a 1-mm. polyethylene catheter through a hole in the Parafilm into the test tube. At first the tip of the catheter was held above the blood, in order to flush out other gases, and then the carbon monoxide was bubbled slowly through the blood. The carbon monoxide gas was humidified prior to being bubbled through the blood in order to prevent hemoconcentration. When a small amount of foam had developed, bubbling was stopped, and the test tube was slowly rotated horizontally until the foam had subsided and bubbling could be continued. This bubbling procedure was continued for 10 min. and yielded blood with negligible hemolysis. When fully oxygenated blood was required, a procedure identical to that outlined above was followed, with the exception that oxygenf was used.
Standard practice for hemoglobinometry was adhered to as closely as possible, 3 ' 8 e.g., care was taken in mixing and sampling of blood, and dilution of blood with reagent was always 1:251. The same 0.02 ml. pipet was used for each test, to avoid calibration error. This pipet was rinsed with water and dried with acetone and air between determinations. 3 Reaction time was measured from the instant of mixing by inversion of the blood and reagent until the time at which optical density at 540 m/i was observed.
The following diluting reagent solutions were used: (1) The optical densities of the solutions were measured primarily with a Beckman DU spectrophotometer with a slit width of 0.02 mm. and solution depth of 1.00 cm. Continuous absorption spectrums were recorded using a Beckman model DB spectrophotometer.
Experiment I. This experiment was performed in order to compare the rates of reaction of Drabkin's solution with blood treated with O2 or CO. A sample of dog's blood was divided into 3 aliquots; 1 was retained as a control, 1 was treated only with O2, and 1 was treated only with CO. The carbonmonoxyhemoglobin concentration of the latter was estimated to be 75 per cent (modified Conway method). 2 One or more replicates of each aliquot were reacted with Drabkin's solution and optical densities at 540, 560, 570, and 580 m/x measured at intervals.
When possible, the mean of 6 replicates was obtained and 95 per cent fiducial confidence intervals calculated. In some instances only single determinations were made or some measurements omitted altogether in order that the experiment be kept on schedule.
Experiment II. Aliquots of a sample of human blood treated with CO were reacted with 1 of the following reagents: Drabkin's solution; modification of Diluent IV (200 mg. K 3 Fe(CN) 8 ; without Sterox); modification of Diluent IV (1000 mg. K 3 Fe(CN) 6 ; without Sterox) in order to compare the efficiency of reagents in use and to screen for the effect of augmenting ferricyanide concentration. In order to avoid this additional variable, Sterox was not used.
Inasmuch as many observations were required in Experiment II et seq., a single replicate usually was run as the risk of error introduced by repeated mixing and sampling to obtain additional replicates from a blood sample was estimated to be greater than the random error which Experiment I had demonstrated to be acceptably low.
In Experiment IV. In order to determine an optimal K 3 Fe(CN) 6 concentration for reagent solutions, several Modified Diluent IV (without Sterox) reagents were prepared that differed only in K 3 Fe(CN) 6 concentration which included 100, 200, 400, 800, and 1600 mg. K 3 Fe(CN) 6 per 1. These were reacted with aliquots of a sample of human blood treated with CO.
Experiment V. Aliquots of a sample of human blood treated with CO were reacted with 1 of the following reagents: Drabkin's solution, Diluent IV, Modified Diluent IV (1000 mg. K 3 Fe(CN) 6 ; with Sterox). The reactions were analyzed using the recording spectrophotometer. Table 1 Bracketed figures = to.oiSs in the fiducial confidence statement 1 3 PF (X -I1.1A < u < x + la.ohSi) = 0.95 where PF = fiducial probability, u = true mean, x = observed mean, Sx = standard error, and to.ob = Student's t. 540 at S.6 min. exceeds that at 25 min. by 7 per cent. Figure 5 indicates the course of reaction of CO-treated blood with Diluent IV. After 26 min. reaction a slight hump is evident at 570 m/x. The O.D. 540 at 9 min. exceeds that at 26 min. by 14 per cent. Figure 6 illustrates the course of reaction 4 , and (HbCO) 4 with reagents containing ferricyanide and cyanide results in the formation of (HbCN) 4 , so that the absorption maximums at 577 m^ of (Hb0 2 )4, 570 niyu of (HbCO) 4 , and 555 ni/i of Hb 4 disappear when the reaction is complete, and the sharp absorption maxima at 540 m/i of (Hb0 2 ) 4 and (HbCO) 4 broaden to that of (HbCN) 4 at 540 m M .
RESULTS
Experiment I. The data are listed in
10 '" 17 At any time "t" during such a reaction, the optical densities at 540 mju of the components will be additive to yield the observed optical density of the blood/reagent solution.
6 Inasmuch as «(H°bco) 4 or e(H°bo 2 )4 exceeds « 6 (HV;N) 4 by 32 per cent, it will be seen that for a given blood sample containing only (Hb0 2 ) 4 and (HbCO) 4 the O.D. 4 . It is known that the rate at which (HbCO) 4 is converted to ferrihemoglobin may be increased by using a ferricyanide solution whose molar concentration exceeds the molar concentration of heme groups present. 7 Oxidation of (HbCO) 4 occurs in 2 steps, dissociation of carbon monoxide followed by oxidation of Hb 4 , and the over-all rate of reaction is determined by the relatively slow rate at which carbon monoxide is released, as oxidation of Hb 4 by ferricyanide is very rapid and complete. Inasmuch as the second reaction is believed to proceed more rapidly than the first or ratelimiting reaction, it is likely that the predominant effect of increasing ferricyanide concentration is acceleration of dissociation of carbon monoxide from (HbCO) 4 . 7 A survey of all of the above experiments allows the following conservative conclusion: if standard cyanmethamoglobinometiy reagents and reactions times 3, *• 14, 16 are used to estimate total hemoglobin concentration in blood containing high concentrations of carbonmonoxyhemoglobin, the rate of formation of cyanmethemoglobin is significantly less than is observed with blood not containing carbonmonoxyhemoglobin.
The cyanmethemoglobin method of determining total hemoglobin is becoming increasingly popular, and as percentage saturation of hemoglobin with carbon monoxide is calculated as [(HbCO) 4 /Total Hemoglobin] X 100, overestimates of total hemoglobin using low K 3 Fe(CN) 6 concentration reagents and relatively short reaction times will result in comparable underestimates of percentage saturation of hemoglobin with carbon monoxide.
The magnitude of the error of the resulting overestimate of total hemoglobin concentration, in blood containing high carbonmonoxyhemoglobin concentrations, is of the order of 10 per cent if Drabkin' In view of the commercial availability of Drabkin's reagent and extensive documentation regarding its use, it is not the purpose of this paper to suggest a change from Drabkin's solution for most clinical purposes. However, it is important for clinical pathologists and others interested in hemoglobinometry and toxicology to recognize the significant error involved when bloods of high Hb(CO)4 content are assayed with conventional Drabkin's reagent. Toxicologists and other investigators dealing with large numbers of Hb(CO)4 estimations will probably find that use of the modified reagent suggested in this paper is the best solution to this problem.
The modified reagent recommended in this paper utilizes a ferricyanide concentration 5 times that of either Drabkin's solution or Diluent IV, and allows total hemoglobin concentration to be determined within an acceptably short time. SUMMARY 1. The reaction of carbonmonoxyhemoglobin with conventional K 3 Fe(CN) 6 containing solutions is much slower than the reaction with oxyhemoglobin. If this difference is not taken into consideration when determining total hemoglobin concentration considerable error may be introduced.
2. The rates of reaction of oxyhemoglobin and carboxyhemoglobin solutions have been studied.
3. The correct total hemoglobin concentration can be obtained on blood containing carbon monoxyhemoglobin either by increasing the time before obtaining the optical density of the solution or by increasing the K s Fe(CN) 6 concentration.
